Systemic mastocytosis (SM) is characterized by infiltration of neoplastic mast cells in one or more organ systems. SM in association with plasma cell dyscrasia is very rare. We report a first case of indolent SM (ISM) associated with light chain deposition disease (LCDD) in a kidney biopsy from a 59-year-old female presenting with skin rash, elevated serum creatinine, hematuria and mild proteinuria. Subsequent workup demonstrated IgG kappa monoclonal protein in serum and urine. A bone marrow biopsy revealed neoplastic mast cells involving bone marrow without evidence of clonal myeloid or lymphoid proliferation. Kidney biopsy demonstrated modest mesangial expansion detected by light microscopy and unequivocal evidence of monoclonal kappa light chain deposition within glomerular capillaries, tubular basement membranes and vascular walls detected by immunofluorescence and/or electron microscopy, along with equivocal evidence of light chain cast nephropathy. Despite treatment with bortezomib and dexamethasone, her renal function was progressively declined over the next 6 months. This case is a reminder that SM can coincide with LCDD, which requires clinical suspicion and multimodality workup on a kidney biopsy including immunofluorescence and electron microscopy to reach the correct diagnosis.
Introduction
Mastocytosis is a rare disease characterized by neoplastic proliferation of mast cells with a spectrum of clinical and morphological manifestation. Mastocytosis can be limited to skin [cutaneous mastocytosis (CM)] or it can also involve bone marrow and/or other extracutaneous organs [systemic mastocytosis (SM)] with or without skin involvement [1] . SM with concurrent plasma cell dyscrasia is very rare. So far, only a handful of cases of SM with plasma cell myeloma have been reported, which comprises the very rare subsets of reported SM with associated clonal hematological non-mast cell lineage disease (SM-AHNMD) [2] [3] [4] . However, there has been no report of SM associated with paraprotein-related kidney disease.
Here, we report a first case of light chain deposition disease (LCDD) diagnosed on a kidney biopsy in a patient with indolent systemic mastocytosis (ISM) and serum and urine monoclonal kappa light chains but without evidence of other neoplasms of myeloid or lymphoid lineage.
Case report

Clinical history and initial laboratory data
A 59-year-old white female presented with an incidentally discovered increased serum creatinine of 2.7 mg/dL (236 μmol/L) from a baseline of 0.8 mg/dL (71 μmol/L) measured 5 years ago. Physical examination showed mild hypertension (145/70 mmHg). Cardiac and pulmonary examinations were unremarkable and no splenomegaly, hepatomegaly or peripheral lymphadenopathy were noted. Skin examination revealed a diffuse reddish-brown macular rash on her upper torso and legs, which had been unchanged for years. Urinalysis showed 3+ blood, no albumin, 2 white blood cells/high power field (HPF) and 1 red blood cell/HPF. Subsequent workup demonstrated a positive serum protein electrophoresis with 1.4 g/dL of a monoclonal protein identified as IgG kappa on immunofixation. The kappa/lambda-free light chain ratio was elevated at 48.97 (normal 0.26-1.65). Urine protein electrophoresis and immunofixation confirmed monoclonalfree kappa light chain quantified at 333 mg/24 h (30% of total proteins measured at 1092 mg/24 h). Past medical history was significant for SM diagnosed 7 years earlier by recurrent urticaria and skin rash, and a skin biopsy showed increased mast cells. A bone marrow biopsy at the time of diagnosis showed multiple paratrabecular and perivascular mast cell aggregates comprising 30-50% of the marrow space, as well as many fusiform mast cells. Both CD2-and CD25-positive mast cells (detected by immunohistochemistry) and the D816V kit mutation (detected by polymerase chain reaction on a paraffin block) were present, confirming SM diagnosis. Serum tryptase was elevated at 97.2 ng/mL (normal <1 ng/mL). She was classified as having ISM. Her symptoms were stable and managed with fexofenadine, cromolyn sulfate, aspirin and diphenhydramine over the next few years. A repeat bone marrow biopsy confirmed the diagnosis of SM, but there was no evidence of a myeloid/myelomonocytic neoplasm, plasma cell neoplasm or other lymphoproliferative disorders. She then underwent a kidney biopsy to determine the cause of renal insufficiency.
Kidney biopsy findings
Light microscopic examination showed glomeruli with mild segmental mesangial expansion due to mildly increased cellularity and matrix but without overt mesangial nodules ( Figure 1A ). Glomeruli were otherwise unremarkable. There was also widespread acute tubular injury, characterized by flattening of tubular epithelial cells and loss of brush borders ( Figure 1A ). Rare intratubular casts showed fractured and/or metachromatic appearance. In addition, a single intratubular cast was surrounded by epithelioid cells, suspicious of syncytial cell reaction. The interstitium showed patchy focally dense mononuclear inflammatory cell infiltrates in the background of at least mild interstitial fibrosis and tubular atrophy. Congo-red stain was negative for amyloid deposition. Immunoperoxidase stain for CD117 (c-kit), a marker for mast cells [5] , showed scattered-positive cells, some in small clusters , notably with <15 cells, in close proximity to areas with dense mononuclear inflammatory cell infiltrates ( Figure 1B) .
Immunofluorescence microscopy demonstrated bright (3-4+; on a scale of 0-4) linear staining of glomeruli, Bowman's capsules and tubular basement membranes for kappa light chain ( Figure 1C ). The walls of some arteries and arterioles similarly showed diffuse bright staining for kappa light chains in an extracellular matrix pattern. There was no significant staining of glomeruli, vessels, tubular basement membranes or interstitium for lambda light chains ( Figure 1D ) or other immunoreactants. Some tubular casts with fractured appearance were brightly positive for kappa light chains but not for lambda light chains.
On ultrastructural examination, there were diffuse finely granular, 'powdery', electron dense deposits with linear arrangement within the glomerular basement membranes ( predominantly localized in intramembranous and focally towards the subendothelial aspect of the glomerular basement membranes) and tubular basement membranes (Figure 2) . We did not observe any obvious evidence of light chain proximal tubulopathy by light, immunofluorescence or electron microscopy.
Based on the characteristic linear staining of glomerular and tubular basement membranes and vascular walls for kappa light chain without lambda light chain detected by immunofluorescence microscopy and 'powdery' electron dense deposits along the glomerular and tubular basement membranes detected by electron microscopy, a diagnosis of monoclonal kappa LCDD was established. The presence of rare atypical intratubular casts, which brightly stained for kappa light chain, but not for lambda light chain by immunofluorescence microscopy, together with the presence of widespread acute tubular injury and rare possible syncytial cell reaction was interpreted highly suggestive of a concomitant light chain cast nephropathy (LCCN). 
Clinical follow-up
After her kidney biopsy results returned, the patient was started with bortezomib and dexamethasone. Urinary protein electrophoresis showed an initial decrease in M-spike from 333 mg/24 h (30% of total proteins) pretreatment to 107 mg/24 h (6% of total proteins) after the first cycle of above chemotherapy and 81 mg/24 h (4.6% of total proteins) after the second cycle. Kappa/lambda free light chain ratios also decreased from 49 pre-treatment to 28 and 10 after the first and second cycles, respectively. However, serum M-spike increased after the third cycle to 379 mg/24 h (9% of total proteins) and serum creatinine, which had been 2.3 mg/mL (203 μmol/L) before her first cycle of treatment continued to rise to 4.6 mg/dL (407 μmol/L).
Discussion
SM-associated kidney diseases have been rarely reported in the literature, including a case of membranous nephropathy [6] and two cases of mesangial proliferative glomerulopathy [7, 8] . Of note, one of these patients with mesangial proliferative glomerulopathy showed serum and urine IgG-kappa monoclonal paraprotein, raising the possibility that the observed lesions represented a paraprotein-related process [8] . To our knowledge, the present case is the first report of SM associated with biopsy-proven paraprotein-related kidney disease. LCDD is characterized by the deposition of monoclonal kappa or lambda light chains with structural abnormalities [9] in various organs [10] [11] [12] [13] [14] . The disease is frequently associated with plasma cell myeloma or other lymphoproliferative diseases. One of the unique features of LCDD in this biopsy is the absence of typical nodular glomerulosclerosis, which closely resembles Kimmelstiel-Wilson nodules of diabetic nephropathy, suggesting that the disease is in the early stage. The present biopsy also demonstrated some features suggestive of concurrent LCCN. It is well recognized that LCDD can be associated with other paraprotein-related kidney disease, such as LCCN or AL-type amyloidosis [15, 16] . In the present case, congo-red stain was negative, excluding the latter possibility.
Immunoperoxidase stain for mast cells (CD117/c-kit) showed scattered, focally aggregated mast cells in renal parenchyma. However, due to the extremely limited literature on kidney involvement in SM and expected mast cell density in nonspecific inflammatory infiltrates in areas of tubulointerstitial fibrosis [17, 18] , it is difficult to unequivocally interpret this finding as renal involvement by SM. The demonstration of c-KIT D816V mutation or aberrant expression of CD2 and/or CD25 on mast cells, which could serve as evidence of neoplastic mast cell infiltration, was not investigated in the present kidney biopsy.
Although there was no evidence of detectable plasma cell or other lymphoid malignancies in our case, the presence of LCDD in the renal biopsy along with paraprotein detected in the serum and urine suggested the presence of an undetected monoclonal lymphoplasmacytic population in this patient. In ∼40% of LCDD, a definitive diagnosis of multiple myeloma cannot be established [10, 15] . However, dysproteinemia can be documented in most patients with LCDD or light chain amyloidosis [10] , suggestive of an underlying plasma cell dyscrasia. Despite a low tumor burden in such patients, target organ injury may develop if untreated.
SM in association with lymphoproliferative disorders is well documented and it comprises the very small subsets of SM-AHNMD [2] [3] [4] 19] . However, the pathophysiologic link between SM and lymphoproliferative disorders remains unclear. In cases of SM associated with lymphoproliferative disorders, including plasma cell neoplasm, D816V C-KIT mutation was detected in the neoplastic mast cells but not in the neoplastic lymphoid population, suggesting that SM and coexisting lymphoid neoplasm were clonally separate [19] [20] [21] . Interestingly, there are several lines of in vitro evidence demonstrating the ability of neoplastic mast cells to support the growth of associated neoplastic lymphoplasmacytic population [22, 23] . Together with a chronological sequence of LCDD in our case, which developed 7 years after the diagnosis of SM, we favor that LCDD was related to, and perhaps triggered by SM in this case, although we cannot rule out that these were two independent concurrent processes.
Conflict of interest statement. None declared.
